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)RUWKHSDVWIHZ\HDUVZLWKWKHULVHRIFRPSXWLQJDQGFRPSXWDWLRQDOIOXLGG\QDPLFVFRPEXVWLRQVFLHQFHˈXVLQJ
QXPHULFDO PHWKRG WR VLPXODWH WKH FRPEXVWLRQ SURJUHVV EHFRPHV SRVVLEOH>@ +RZHYHU SXOVH FRPEXVWLRQ
SURFHVVRIH[SHULPHQWDOVWXG\ZKLFKODFNRIH[SHULPHQWDOZRUNRQLWVWUDQVLHQWSURJUHVVDQGUHODWLYHODFNRIUHVHDUFK
RQWKHSXOVDWLQJFRPEXVWLRQPHFKDQLVPLVJLYHQSULRULW\WRTXDOLWDWLYHUHVHDUFKDQGWKHTXDQWLWDWLYHUHVHDUFKRQLWLV
H[WUHPHO\GLIILFXOWOLPLWLQJWKHQXPHULFDOPHWKRGWRFRPPHQFHWKHLUUHVHDUFKZRUN>@
7KHUHIRUHWKLVDUWLFOHLQWHQGVWRWHVWDQGUHVHDUFKWKHSHUIRUPDQFHSDUDPHWHUVRIDQHQJLQHZKLFKEDVHGRQVHOI
GHVLJQHG VPDOO WKUXVW MHW HQJLQH FRPSUHKHQVLYH SHUIRUPDQFH WHVWEHG 8VLQJ LQIUDUHG LPDJLQJ V\VWHP IOXH JDV
DQDO\]HU DQG RWKHU HTXLSPHQWPHDVXUHG WKHZDOO WHPSHUDWXUH FRPEXVWLRQ SURGXFW FRPSRQHQW FRQFHQWUDWLRQ JDV
WHPSHUDWXUHSUHVVXUHSXOVDWLRQDQGRWKHUFKDUDFWHULVWLFSDUDPHWHUVRIHQJLQHDQGVWXGLHVWKHHIIHFWVRIWKHIXHOIORZ
WR WKH DERYH SDUDPHWHUV WR VHHN WKH PHWKRG RI IXUWKHU LPSURYLQJ WKH UHOLDELOLW\ RI HQJLQH0HDQZKLOH LW RIIHUV
WHFKQLFDOUHVHUYHVIRUGHYHORSLQJEHWWHUDQGPRUHVWDEOHSHUIRUPDQFHHQJLQHVRDVWRSURYLGHVXSSRUWIRUWKHIXUWKHU
GHYHORSPHQW RI WKH WKHRU\ RI SXOVDWLQJ MHW HQJLQH DQG OD\ WKH IRXQGDWLRQ IRU FRJQLWLYH SXOVDWLQJ FRPEXVWLRQ
PHFKDQLVPLQGHSWK
5HVHDUFK2EMHFWLYH
7KH H[SHULPHQW ZDV ILQLVKHG LQ WKH H[SHULPHQWDO HGXFDWLRQ FHQWHU RI DHURQDXWLFV DQG DVWURQDXWLFV RI1DQMLQJ
8QLYHUVLW\RI6FLHQFH DQG7HFKQRORJ\ ((&$$7KH H[SHULPHQWDOPHDVXUHPHQWSODWIRUP LV DV VKRZQ LQ)LJ
7KH H[SHULPHQWDO SODWIRUP LV VXLWDEOH IRU H[SHULPHQW UHVHDUFK RI VPDOO MHW HQJLQH OLNH SXOVHMHW HQJLQH 7KH
PHDVXUHPHQW SODWIRUP PDLQO\ FRQVLVWV RI IXHO RLO VXSSO\ VXEV\VWHP LQIUDUHG WKHUPDO LPDJLQJ WHPSHUDWXUH
PHDVXUHPHQWVXEV\VWHPFRPEXVWLRQSURGXFWDQDO\VLVVXEV\VWHP753,9LQVWDQWDQHRXVIORZILHOGWHVWVXEV\VWHP
HQJLQH SHGHVWDO LJQLWLRQ VXEV\VWHP GDWD DFTXLVLWLRQ VXEV\VWHP DQG DX[LOLDU\ HTXLSPHQW DQG FDQ EH XVHG IRU
PHDVXULQJWKHSUHVVXUHWHPSHUDWXUHIXHOIORZUDWHLQVWDQWDQHRXVYHORFLW\ILHOGDQGFRPEXVWLRQSURGXFWDQGRWKHU
SDUDPHWHUVRIVPDOOMHWHQJLQHLQZRUNLQJSURFHVV

)LJ&RPSUHKHQVLYHSHUIRUPDQFHWHVWSODWIRUPIRUDLUEUHDWKLQJHQJLQH
)RUSXUSRVHRIWKLVSDSHU WKHZRUNLQJSHUIRUPDQFHRIDSXOVHMHWHQJLQHZLWKWKHYDOYHVVKRZHGLQ)LJZDV
PHDVXUHG 7KH HQJLQH FRQVLVWV RI DLU LQWDNH FHQWUDO FRQH YDOYH EORFN FRPEXVWRU FRQWUDFWLRQ VHFWLRQ H[KDXVW
QR]]OHHWFDQGLVSRZHUHGZLWKHWK\ODOFRKRO7KHDQWHULRUHQGRIWKHDLULQWDNHLVSURYLGHGZLWKRLOQHHGOH)XHO
HQWHUV WKH DLU LQWDNH WKURXJK WKH RLO QHHGOH DQG LV DWRPL]HG DQG WKH JDVRLOPL[WXUH SURGXFHG DIWHU DWRPL]DWLRQ
HQWHUVWKHFRPEXVWRUIRUFRPEXVWLRQ
([SHULPHQWDO5HVXOWVDQG$QDO\VLV
$VVKRZHGLQ)LJWKHSDUWFPDZD\IURPWKHRXWOHWRIWKHH[KDXVWQR]]OHLVLQVWDOOHGZLWKZDWHUFRROLQJKLJK
IUHTXHQF\SUHVVXUHVHQVRUZKLFKFDQEHXVHGIRUUHVHDUFKLQJWKHSUHVVXUHGLVWULEXWLRQXQGHUGLIIHUHQWIXHOIORZV
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)LJVNHWFKRI3XOVRW\SHYDOYHGSXOVHMHW
)LJVKRZVWKHPHDVXULQJUHVXOWVRISXOVDWLQJSUHVVXUHRIWKHH[KDXVWQR]]OHRIWKHHQJLQHQHDUWKHZDOOXQGHU
GLIIHUHQWIORZV$FFRUGLQJWRWKHILJXUHVWKHSXOVDWLQJSUHVVXUHSHULRGLFDOO\FKDQJHVZLWKWLPH,Q)LJDWKHIXHO
IORZLV/KWKHSUHVVXUHSHDNLV03DDQGYDOOH\YDOXHLV03DDQGWKHSHULRGLVPVLQ)LJEWKH
IXHOIORZLV/KWKHSUHVVXUHSHDNLV03DDQGYDOOH\YDOXHLV03DDQGWKHSHULRGLVPVLQ)LJF
WKHIXHOIORZLV/KWKHSUHVVXUHSHDNLV03DDQGYDOOH\YDOXHLV03DDQGWKHSHULRGLVPVLQ)LJ
GWKHIXHOIORZLV/KWKHSUHVVXUHSHDNLV03DDQGYDOOH\YDOXHLV03DDQGWKHSHULRGLVPV
  
DSXOVHSUHVVXUHZKHQWKHIORZUDWHLV/KESXOVHSUHVVXUHZKHQWKHIORZUDWHLV/K
  
FSXOVHSUHVVXUHZKHQWKHIORZUDWHLV/K˄G˅SXOVHSUHVVXUHZKHQWKHIORZUDWHLV/K
)LJ3XOVHSUHVVXUHRIWKHH[KDXVWQR]]OHRIWKHHQJLQHQHDUWKHZDOOXQGHUGLIIHUHQWIORZV
)LJVKRZVDFORXGFKDUWRIZDOOWHPSHUDWXUHRIH[KDXVWQR]]OHRIWKHHQJLQH)LJVKRZVWKHJDVWHPSHUDWXUH
RIWKHHQJLQHPHDVXUHGZLWKDQDUPRXUHG.W\SHWKHUPRFRXSOH$IWHUWKHHQJLQHZRUNVIRUVWKHJDVWHPSHUDWXUH
WHQGVWREHVWDEOHDQGWKHDYHUDJHJDVWHPSHUDWXUHQHDUWKHRXWOHWRIWKHH[KDXVWQR]]OHLV.
)LJVVKRZVWKHYROXPHIUDFWLRQVRI&2DQG2DQGWKHPDVVIUDFWLRQRI&2LQFDVHRI/KRIIXHOIORZDQG
RI /K RI IXHO IORZ UHVSHFWLYHO\ $FFRUGLQJ WR )LJ D WKH SURGXFWV RI WKH HQJLQH JUHDWO\ IOXFWXDWH DW WKH
VWDUWXSSKDVH:KHQWKHHQJLQHZRUNVVWDEO\WKHYROXPHIUDFWLRQRI2LVWKHYROXPHIUDFWLRQRI&2LV
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DQGWKHPDVVIUDFWLRQRI&2LVSSP$FFRUGLQJWR)LJERQFHWKHHQJLQHZRUNVVWDEO\WKHPDVVIUDFWLRQRI&2
LVFORVHWRSSPGRXEOLQJWKHPHDVXUHGYDOXHDVVKRZQLQ)LJZKLOHWKHYROXPHIUDFWLRQRI&2VOLJKWO\GURSV
DQGWKHYROXPHIUDFWLRQRI2VOLJKWO\ULVHV

 
)LJWHPSHUDWXUHGLVWULEXWLRQRIWKHWDLOZDOO)LJH[KDXVWWHPSHUDWXUHFKDQJHVZLWKWLPH
%\FRPSDULQJWKHWZRPHDVXUHPHQWVIOXHJDVDQDO\]HULWFDQEHIRXQGWKDWWKHIXHOIORZUDWHKDVDJUHDWHULPSDFW
RQWKHYDOYHGSXOVDWLQJMHWHQJLQHFRPSRQHQWFRQFHQWUDWLRQRIFRPEXVWLRQSURGXFWV:KHQWKHIXHOIORZLVLQFUHDVHG
WKHHQJLQHSXOVDWLQJFRPEXVWLRQLQWHQVLILHGLQFUHDVLQJWKHGHJUHHRILQFRPSOHWHFRPEXVWLRQRIIXHOUHVXOWLQJLQD
VLJQLILFDQW LQFUHDVH LQ &2 FRQFHQWUDWLRQ ZLWKRXW UHGXFLQJ WKH FRQVXPSWLRQ RI 2 FRPSOHWH FRPEXVWLRQ WKXV
VOLJKWO\ LQFUHDVLQJ WKH YROXPH IUDFWLRQRI2$FFRUGLQJ WR WKH ODZRI FRQVHUYDWLRQ RIPDWWHU&2 FRQFHQWUDWLRQ
LQFUHDVHVVRWKH&2FRQFHQWUDWLRQVVOLJKWO\GHFOLQH
 
)LJDFRPEXVWLRQSURGXFWV/KEFRPEXVWLRQSURGXFWV/K
&RQFOXVLRQV
,QWKLVSDSHUZHVWXGLHGWKHSXOVHFRPEXVWLRQSURFHVVV\VWHPDWLFDOO\E\XVLQJFRPSUHKHQVLYHVPDOOMHWHQJLQHWHVW
EHG7KHUHVXOWVVKRZHGWKDWWKHIXHOIORZDIIHFWHGSXOVHSUHVVXUHZDOOWHPSHUDWXUHFRPEXVWLRQSURGXFWVDQGRWKHU
FKDUDFWHULVWLFSDUDPHWHUVZKLFKLQYROYHGZLWKWKHFRQWLQXRXVZRUNLQJSURJUHVVRIYDOYHGSXOVHMHWHQJLQH:KHUHLQ
ZKHQ WKH IXHO IORZ IURP /  K LQFUHDVHG WR /  K WKH SUHVVXUH SHDN LQFUHDVHV DQG WKH SXOVDWLRQ SHULRG
GHFUHDVHV:LWKWKHLQFUHDVHRIIXHOIORZWKHSXOVHFRPEXVWLRQLVLQWHQVLILHGWKHGHJUHHRILQFRPSOHWHFRPEXVWLRQ
RI IXHO LQ WKH FRPEXVWLRQ FKDPEHU LV DOVR LQFUHDVHG DQG WKH PDVV IUDFWLRQ RI &2 LQ WKH FRPEXVWLRQ SURGXFWV
H[WHQGHG
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